INFECTION AND IMMUNITY, July 1979, p. 1-10

0019-9567/79/07-0001/10$02.00/0

Specific Absorption of Human Serum Albumin,

Immunoglobulin A, and Immunoglobulin G with Selected

Strains of Group A and G Streptococci

GORAN KRONVALL,* ANTHONY SIMMONS,t ERLING B. MYHRE, aNp SVANTE JONSSON

Department of Medical Microbiology, University of Lund, S-223 62 Lund, Sweden
Received for publication 30 March 1979

Five gram-positive bacterial strains were selected for absorption studies of
human serum samples. Strain AR1 (group A, M-type 1) and G148 (group G),
with strong immunoglobulin G (IgG) binding capacities, and strain AW43 (group
A, M-type 60), binding both IgA1 and IgA2, were compared with Staphylococcus
aureus Cowan I and with Staphylococcus epidermidis 1L603. Both AR1 and G148
were capable of completely absorbing out serum IgG. In contrast, S. aureus
Cowan I left a fraction unabsorbed, as expected from its known lack of IgG3
binding. Strain AW43 absorbed out all serum IgA, using a 10-ul bacterial pellet
for 20 ul of serum. Serum IgM levels were slightly reduced by S. aureus Cowan
I absorption. On the basis of the experiments, a bacterial mixture was designed
consisting of S. aureus Cowan I and group A streptococcus strains AR1 and
AW43, with absorption characteristics suitable for use in discriminating between
early IgM and late IgG and IgA immune responses in routine serological work. A
new type of bacteria-mammalian protein binding was discovered. Human serum
albumin was completely absorbed out by strain G148 and to a lesser extent by
strain AR1 and AW43. S. aureus Cowan I and S. epidermidis were negative. The
binding capacity of G148 for albumin equalled that of Cowan I for IgG. The
binding pattern of albumin to the strains was different from those of IgG, IgA,
IgM, fibrinogen, haptoglobin, or aggregated B;-microglobulin and therefore seems
to represent another type of bacterial-mammalian interaction with a specific
albumin receptor on the surface of streptococci.
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Methods for separating long-standing immu-
noglobulin G (IgG) antibodies from IgM anti-
bodies indicating a recent infection are of im-
portance in many serological investigations. A
new principle for such a discrimination suitable
for routine use has been presented earlier (1).
Heat- and formaldehyde-stabilized Staphylococ-
cus aureus Cowan I, with a high content of
protein A, was used for absorbing out IgG and
leaving the majority of IgM and IgA in the
samples. The method has been applied by others
to rubella serology and to the diagnosis of herpes
simplex infections (15, 37, 44, 45). Immunoglob-
ulin-binding staphylococci have also been uti-
lized in radioimmunoassays as originally de-
scribed for the determination of a-fetoprotein
(22, 23). This method has been applied to several
other assays for antigens as well as for specific
antibodies and also to the purification of cell
surface proteins after solubilization and binding
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to antibodies, a technique which offers certain
advantages over other methods (4-6, 8, 10, 13,
18, 20, 21, 25). }

In IgG-versus-IgM discrimination, as well as
in more general immunoglobulin absorption
techniques, there are certain limitations to the
use of S. aureus Cowan 1. Protein A of S. aureus
will bind only IgG subclasses 1, 2, and 4, leaving
specific IgG3 antibodies present unabsorbed in
the serum samples (32). Recent studies have
also indicated that a minor fraction of both IgA
and IgM does .in fact bind to staphylococcal
protein A (14, 17, 35, 42, 43). In humans, the
protein A-reactive fraction of IgA has been iden-
tified as the IgA2 subclass, and IgM2 has been
proposed to designate the reactive fraction of
IgM (17, 35, 42, 43). The fact that the major
fraction of IgM is left unabsorbed explains the
successful use of Cowan I staphylococci in sero-
logical work. Another limitation is the inability
of staphylococci to bind antibodies belonging to
the IgAl subclass. A more complete immuno-
globulin binding by bacteria, also IgG3 and IgA
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antibodies, would permit a more widespread use
of bacterial absorption procedures in serological
work.

Alternative bacterial particles for immuno-
globulin absorption are available since the dis-
covery of Fc binding surface structures in group
A, C, and G streptococci (27). In these first
studies, a binding of IgG3 in addition to IgG1,
-2, and -4 was noted, and the potential use of
bacteria other than S. aureus in immunological
work was pointed out. Human IgA is also taken
up by many group A streptococci (7, 29). Both
IgA subclasses Al and A2 seem to bind to the
reactive surface structures (E. Myhre, M. Har-
boe, and G. Kronvall, unpublished data) which
are different from those binding IgG (7, 29). No
significant IgA binding is seen with group C or
G streptococci. IgM is not bound to any appre-
ciable extent by streptococci, although a low-
grade affinity can be detected in most strains
(Myhre et al., unpublished data). The back-
ground information available indicated that se-
lected streptococcal strains might serve as im-
munoglobulin-absorbing particles of potential
use in laboratory work. The present studies have
provided direct evidence for such use. In addi-
tion, a new type of bacterial-mammalian protein
interaction was discovered. Human serum albu-
min was found to bind to streptococci, particu-
larly to strain G148, with an absorbing capacity
in the same range as that of S. aureus Cowan I
for human IgG.

MATERIALS AND METHODS

Bacterial strains. Group A, C, and G streptococcal
strains were initially screened for their capacity to
bind several different human proteins as listed in
Table 1 (26, 27, 29, 41; G. Kronvall, C. Schonbeck, and
E. B. Myhre, submitted for publication). Strains with
many different combinations of positive binding were
found, and two group A strains (AR1, M-type 1; AW43,

TABLE 1. Binding of radiolabeled human proteins
to three streptococcal strains®

Protein AR1 AW43 G148
IgG 93 24 83
IgAl 9 47 7
IgA2 8 54 5
IgM1 14 12 10
IgM2 19 13 15
IgD 10 7 8
IgE 6 6 6
Fibrinogen 56 53 6
Haptoglobin 2 66 3
Aggregated B.-micro- 79 17 3
globulin

"Bmdmg is expressed as percentage of added radio-
activity remaining in the bacterial pellet (27, 29, 31,
41; Kronvall et al., submitted for publication).
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M-type 60) and one group G strain (G148; ref. 27) were
selected for further studies. As seen in Table 1, the
two group A strains were quite different regarding Ig
specificity; AR1 bound IgG very strongly but little
IgM and no IgA, whereas the AW43 strain showed
strong binding of IgA1l and IgA2, less IgG, and little
IgM. Strain G148 was quite similar to AR1 but was
included because it represented a type III Fc receptor
in contrast to the type II receptor in AR1 (41). Unpre-
dictable differences, therefore, might show up. All
three strains were negative regarding the IgD and IgE
myeloma proteins tested. With respect to three other
types of human protein binding, the strains repre-
sented three different combinations of these reactivi-
ties (26, 31; Kronvall et al., submitted for publication).
S. aureus Cowan I (NCTC 8530) was included for
comparisons with an established immunoglobulin-ab-
sorbing particle. Staphylococcus epidermidis L603,
obtained from a specimen in our clinical microbiology
laboratory, was used as a control strain in the studies
because preliminary tests indicated a completely neg-
ative pattern against the human proteins tested.

Cultivation and stabilization of bacteria. Strep-
tococcal strains were cultured in Todd-Hewitt broth
using an apparatus for batch or continuous culture. A
Teflon lid with eight connections was clamped onto a
5-liter glass vessel (Quickfit FC 51). A tight seal was
obtained by using an O-ring (SOR-76). The culture
vessel was heated by a surrounding coil of electro-
thermal cord (Electrothermal Engineering Ltd., Lon-
don) connected to a transformer, and the temperature
was controlled by an indicating temperature control-
ler, YSI model 73 ATD (Yellow Springs Instrument
Co., Yellow Springs, Ohio) with probe no. 402. The
thermistor probe was put into a blind metal tube
inserted through the lid. Automatic pH control was
achieved using a Radiometer pH meter model no. 28,
Titrator no. 11, and Auto-Burette ABU 16 with re-
corder (Radiometer, Copenhagen, Denmark). The
combined electrode, GK 2302 C (Radiometer) was
sterilized in ethanol containing 0.5% (vol/vol) concen-
trated HoSO, and placed in a special O-ring-sealed
connection in the Teflon lid. A magnetic stirrer
equipped with an extra-strong magnet produced the
necessary stirring of the medium.

A 1-liter volume of Todd-Hewitt broth was inocu-
lated and incubated overnight at 37°C without stirring
and used as an inoculum for the fermentor with 4 liters
of fresh medium added. The pH was kept at 7.2 with
automatic additions of 5 M NaOH. Sterile glucose
(10%) was added in 10-ml portions during the cultiva-
tion to promote growth. Broth samples were taken at
regular intervals, and the optical absorbance was read
at 620 nm in a Beckman model CP-1 colorimeter to
monitor bacterial growth. At the end of the log growth
phase the continuous cultivation could be started at a
rate of about 50 ml/min. Bacteria were harvested by
centrifugation at 3,000 rpm for 20 min in a Beckman
dJ-6 centrifuge with rotor JS-4.2, suspended in phos-
phate-buffered saline (0.02 M phosphate, pH 7.4, 0.13
M sodium chloride, 0.02% sodium azide) and killed by
a heat treatment at 80°C for 5 min. The bacteria were
then washed and suspended to 10% (vol/vol) in phos-
phate-buffered saline and stored at 4°C.

S. aureus Cowan I and S. epidermidis 1603 were
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cultured in CCY medium (2), 800 ml, in 2-liter whirl

. bottles for sufficient aeration. The bacteria were har-
vested, formalin- and heat-treated as described previ-
ously, and stored as a 10% suspension in phosphate-
buffered saline at 4°C until use (28).

Absorption of serum samples. Samples of 10%
bacterial suspensions, from 50 ul to 4 ml, in plastic
tubes (70 by 12 mm; AB CERBO, Trollhittan, Swe-
den), were centrifuged at 2,000 X g in a Beckman J-6
centrifuge with a JR-3.2 rotor, giving bacterial pellets
of defined volumes (5, 10, 20, 50, 100, 200, and 400 ul).
Serum samples were diluted 10 times in 0.075 M
Veronal buffer (pH 8.6) containing 0.002 M calcium
lactate. Samples of diluted serum (200 ul unless oth-
erwise stated) were added to bacterial pellets, and the
bacteria were suspended using a Vortex-Genie mixer
(Scientific Industries, Inc., Springfield, Mass.) and in-
cubated at room temperature for 1 h. The suspensions
were then centrifuged, and the supernatants were re-
covered for further analysis.

Quantitation of human albumin, IgG, IgA, and
IgM. The concentrations of albumin, IgG, and IgA in
the serum samples subjected to bacterial absorptions
were determined using the rocket electrophoretic tech-
nique (33, 34). IgG and IgA were analyzed simultane-
ously using a mixed antiserum (34). Quantitation of
IgM was performed using single radial immunodiffu-
sion (38). A control serum sample with known concen-
trations of the proteins analyzed served as a reference.
All antisera used were purchased from Dako A/S,
Copenhagen, Denmark. Results were expressed as
grams of protein per liter of the original, undiluted

- serum sample.

RESULTS

Bacterial absorption of serum IgG, IgA,
and IgM. Diluted serum samples (200 ul, diluted
1:10) from an apparently healthy male adult,
HC, were absorbed with increasing amounts of
five different strains of gram-positive cocci:
group A streptococcus AR1 and AW43, group G
streptococcus G148 (see Table 1), S. aureus
Cowan I, and S. epidermidis L603. The effect on
concentrations of IgG, IgA, and IgM is shown in
Fig. 1to 3.

IgG was completely absorbed out by 100-ul
pellets of strain AR1 and G148 (Fig. 1A and 2A
and C). The other streptococcal strain included,
AW43, showed a rather poor absorbing capacity
with more than one tenth remaining even when
using a 400-ul pellet. S. epidermidis L603 ab-
sorption values show a decreasing trend, which
represents the dilution effect of the procedure at
pellet volumes of 50 ul and above and hence
serves as a background reference (Fig. 1A, Fig.
3B). The other absorption curves have not been
corrected for this effect. The Cowan I curve (Fig.
1A) does not reach zero levels. This is expected
from the known fact that IgG3 does not bind to
protein A (32). The end point of about 0.8 g/liter
is reached, however, using as little as a 20-ul
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pellet of the bacteria (Fig. 3A). Highly reactive
streptococci have to be used in larger quantities,
50 to 100 ul, to achieve the same result.

Immunoglobulin A quantitations revealed an
exceptional performance of strain AW43 (Fig.
1B and 2B). As little as 10 ul of packed bacteria
absorbed out all IgA present in the 20-ul serum
sample diluted to a 200-ul volume. In contrast,
the other four strains included in the studies left
the IgA almost intact (Fig. 1B). In comparison
with the L603 control, only a minor degree of
absorption was noted. Therefore, strains AR1
and G148 are just as poor IgA-absorbing bacteria
as Cowan I, in marked contrast to the AW43
strain. The essential differences of the absorbing
capacities of the strains studied are demon-
strated in Fig. 4. )

IgM determinations of absorbed serum sam-
ples (200 pul of serum HC, diluted 1:10) showed
interesting differences between S. aureus Cowan
I and the streptococcal strains (Fig. 1C). Rather
small bacterial pellets of Cowan I absorbed out
part of the IgM, reaching a plateau with a 20-ul
pellet of bacteria. The initial slope of the curve
indicates relatively high affinity for this part of
IgM, which in this case constitutes about half
the total concentration. This selective absorp-
tion of some IgM removes the IgM2 subclass
(14, 17, 35). Group A and G streptococci included
in the studies showed no preferential binding of
any IgM subclass (Table 1). The absorption
curves (Fig. 1C) indicate a rather low avidity of
streptococci for IgM, which is also reflected in
low binding figures in direct measurements of
uptake (Table 1). Even 400-ul pellets of strains
AR1, AW43, and G148 were insufficient for a
50% absorption of the serum IgM present. The
significant difference in the IgM levels after ab-
sorption with group A and G streptococci as
compared to the control strain, L603, was only
seen when using medium sized pellets, and not
with larger bacterial volumes. It remains to be
seen whether the kinetics of IgM binding are
dependent on the relative saturation of receptors
on the bacterial surface.

Serum samples (100-ul serum dilutions, 1:10)
from five other healthy donors were also ab-
sorbed with streptococci to confirm the results
obtained in the detailed analysis of serum HC.
For comparative purposes, the results of immu-
noglobulin determinations (Fig. 5) were ex-
pressed as percent remaining in the superna-
tants. IgG concentrations were slightly lower
after absorption with AR1 as compared to G148
(Fig. 5A). This slight but significant difference
in IgG-absorbing capacity might explain the
slightly higher binding figure in direct uptake
measurements (Table 1), 93 and 83%, respec-
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F16. 1. Quantitation of IgG (A), IgA (B), and IgM (C) in serum HC after absorption with varying volumes
of bacterial pellets as indicated (5- to 400-ul pellets). Immunoglobulin levels are expressed in grams per liter

of serum. In the absorption experiments 20-ul serum volumes were diluted to 200 ul and then added to the
bacteria.

tively. Regarding IgA, the strikingly high capac- ineffective for IgA absorptions. Immunoglobulin
ity of strain AW43 to bind both subclasses was M levels of the five serum samples were essen-
confirmed in the absorption experiments (Fig. tially unchanged by absorptions with the strep-
5B). Strains AR1 and G148 were completely tococcal strains used, AR1, AW43, and G148
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Fi6. 2. Examples of IgG and IgA quantitations in rocket electrophoresis of serum samples absorbed with
streptococcus strain AR1 (A), strain AW43 (B), and strain G148 (C). Absorption with 100-pl pellets of ARI and
G148 gives a total depletion of IgG (A, C). From 20-ul volumes of AW43 no IgA is detectable (B).
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Fi16. 3. Examples of IgG and IgA quantitations
after absorption of serum HC with S. aureus Cowan
I (A) and S. epidermidis L603 (B). Note the presence
of IgG in all Cowan I-absorbed samples. The slight
reductions after L603 absorptions are due to the

dilution effect of buffer in the large pellet volumes
used.

(Fig. 5C).

Bacterial absorption of human serum al-
bumin. Quantitation of human serum albumin
in serum samples absorbed with the five gram-
positive cocci used throughout the studies was
initially included for measuring the dilution of
samples in the absorption procedures. The re-
sults, however, unexpectedly showed a definite
binding of albumin to some of the strains (Fig.
6 to 8). Group G streptococcus strain G148 was
extremely effective in absorbing out albumin,
resulting in a complete depletion of the albumin
content of the sample when using a 200-ul bac-

AW4L3 G148 Cowanl
100pl 10pl 100p1 100p1

Fic. 4. IgG and IgA levels in serum HC after
absorption with gram-positive strains as indicated,
showing complete depletion of IgG using strain AR1
and G148, the disappearance of IgA using AW43,
and the remaining protein A-negative fraction using
Cowan I.

serum

terial pellet (Fig. 6 and 7C). The two group A
streptococci showed significant binding but to a
lesser extent; strain AR1 removed somewhat
more than strain AW43 (Fig. 7A and B, Fig. 8).
The S. epidermidis curve reflected the dilution
effect of the absorption procedure. S. aureus
Cowan I was equally negative in these albumin
absorption studies (Fig. 7D).

The possibility that the heating procedure for
killing the bacteria used in the experiments
might induce changes favoring a nonspecific ab-
sorption of albumin was also considered. How-
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F16. 5. Immunoglobulin determinations in five serum samples (100 pl, diluted 1:10) absorbed with 50-ul
and 200-pl pellets of streptococcal strains AR1, AW43, and G148, as indicated. IgG (A), IgA (B), and IgM (C)
levels are expressed as percentages of a reference normal human serum sample.

ever, a live, fresh culture of strain G148 showed
a similar binding of human serum albumin, in-
dicating that the structures responsible for the
binding of albumin to the surface of the G148
strain are not induced during the preparation of
the bacteria. From the patterns of IgG, IgA, and
albumin binding to the strains used, the recep-
tors for these three proteins seem to be different.
Albumin binding represents a new, hitherto un-
recognized type of mammalian-bacterial inter-
action.

Quantitative comparisons between ab-
sorbing capacities. The bacterial pellets re-
quired to reduce the concentrations of albumin
by 25 g/liter, IgA by 0.7 g/liter, and IgG by 6 g/
liter were determined from results according to
Fig. 1. From these figures comparative absorbing
capacities of the strains were calculated. Calcu-
lations using complete absorption as the end
point are highly influenced by the different af-
finities of the interactions. The present figures
serve as comparative values, which are more
dependent on the maximal number of binding
sites and to a lesser degree on the binding con-
stants. The highest figures noted are for IgG
absorption to Cowan I (10.7 pg/ul of pellet), and
also for albumin binding to strain G148 (10.3 ug/

ul of pellet). IgG binding figures to strain AR1
and G148 rank second (5.7 and 6.3 ug/pl, respec-
tively). IgA binding to AW43 with 2.9 pg/ul of
bacterial pellet was unchallenged by the other
strains, equaling the albumin binding of strain
AR1 (3.0 pg/pl). Quantitatively, the figures ob-
tained for the streptococci are very similar to
those obtained for Cowan I absorption of IgG.
These results further emphasize the potential
role of streptococcal strains for immunoglobulin-
binding procedures. The discovery of albumin
binding might also have some practical applica-
tions.

DISCUSSION

The results of our studies have shown that
streptococcal strains can serve as very efficient
absorbing particles for the selective removal of
IgG and IgA. Strains AR1 and G148 represent
the most potent IgG-absorbing streptococci,
with a capacity to bind all four IgG subclasses.
Strain AW43 is capable of removing IgA with
little IgG and negligible IgM binding. By the use
of these strains the major limitations of staphy-
lococcal protein A absorptions are eliminated. S.
aureus Cowan I absorption is currently used for
discriminating recent IgM response from long-
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FiG. 6. Quantitation of human serum albumin in serum HC after absorption with increasing pellet volumes

of gram-positive strains as indicated.
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FiG. 7. Examples of albumin quantitations in serum HC showing the complete depletion using strain G148
(C) as compared to the completely negative, protein A-rich strain Cowan I (D). (A) Streptococcus strain ARI;
(B) streptococcus strain AW43.

standing IgG antibodies (1, 15, 37, 45). These
particles are not capable of binding IgG3 or IgA1l
(17, 32, 42, 43), and the presence of late responses
of these subclasses might therefore make IgM-
versus-IgG and IgA discriminations difficult.

Also, the binding of IgM2 to staphylococci might
cause problems (14, 17, 35). In terms of specific-
ity, streptococci are therefore at an advantage.
One aspect, however, speaks in favor of staphy-
lococci: the smaller pellet required for maximal



8 KRONVALL ET AL.

AWA43 G148 SaurCowanl
200p1 200pl  200pl

F1G. 8. Demonstration of the albumin-absorbing
capacity of three streptococcal strains, AR1, AW43,
and G148, used for the absorption of 20 ul of serum
HC diluted to 200 pl, as compared to unabsorbed
serum and a Cowan I-absorbed control.

Unabsorbed AR1
serum  200pl

absorption. For practical purposes a combina-
tion of 40 ul of AR1 bacteria, 20 ul of AW43, and
40 ul of Cowan I could be used together for the
absorption of 200 pl of a 1:10 serum dilution.
This mixture would meet the demand for a more
generally applicable reagent for use in proce-
dures to distinguish between early and late
stages of the immune responses.

In radioimmunoassays, the method used for
the separation of free antigen from antibody-
bound antigen has to be chosen from several
available ones, partly depending on the nature
of the antigen. Absorption with S. aureus Cowan
I constitutes a widely applicable separation re-
agent in radioimmunoassays (5, 6, 10, 20-23).
Another advantage of staphylococcal absorption
that was recognized early is the capacity to
detect antibodies present in the same sample
(23). Some other applications for antibody de-
terminations have been made (5, 16, 30). The
use of bacterial absorption in antibody determi-
nations also requires particles with a sufficiently
broad spectrum. In this regard, streptococci
might be preferable to staphylococci. Also, a set
of absorbing particles with different immuno-
globulin-binding patterns, for example, ARI,
AW43, and Cowan I separately, might provide
further insight into antibody responses to the
antigens studied.

_ The streptococcal strains used in the present
studies are of two different IgG Fc-binding re-
ceptor types, as they have been defined earlier
(41). Strain AR1 carries a type II receptor and
G148 a type III. As far as human IgG and its
subclasses are concerned, there is no major dif-
ference between type II and type III. However,
when applied to animal species other than hu-
mans, the marked differences between type II
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and III binding properties have to be considered.
A fourth type of IgG Fc receptor has recently
been defined in bovine B-hemolytic group G
streptococci (40). It is possible that additional
receptor specificities might expand the potential
use of bacteria for selective immunoglobulin
binding in various animal species.

Bacterial absorption procedures are routinely
used in the production of M-type specific anti-
sera. Nonimmune immunoglobulin-binding sur-
face structures found on most group A strepto-
cocci might be expected to cause a decrease in
IgG of the antisera on repeated absorptions and
possibly also a fall in specific titers. Most group
A strains show an IgG-binding capacity of the
same degree as that shown by strain AW43 used
in our studies. We can therefore estimate the
influence on IgG levels of absorption procedures.
One absorption with equal volumes of bacteria
and undiluted serum would reduce the IgG con-
centration of human serum by about 15%. Three
such procedures would still leave 60% of serum
IgG unabsorbed. An even less conspicuous effect
on rabbit IgG can be expected, since rabbit
serum IgG shows a somewhat lower degree of
binding to group A streptococci than human IgG
(27, 41). However, occasional group A strains
with stronger IgG-absorbing capacities, e.g. AR1
in the present studies, might cause nonimmune
depletion of immunoglobulins in M-type specific
antiserum production.

A new type of bacterial-mammalian protein
interaction was discovered in the present stud-
ies. Human serum albumin was bound exten-
sively to the group G strain G148 and to a lesser
extent to the group A strains, AR1 and AW43
(Fig. 6 to 8). S. aureus Cowan I and S. epider-
midis L603 were completely negative. The bind-
ing capacity of strain G148 was equal to the IgG
binding of Cowan I, in terms of amount of pro-
tein per microliter of bacterial pellet. Albumin
binding did not correlate with IgG or IgA binding
and might therefore be considered to depend on
a different streptococcal surface receptor. The
exact nature of this receptor and its occurrence
among bacterial strains are not yet known.

Streptococci are now known to bind several
human proteins. Fibrinogen-binding properties
have been known since 1934 (9, 24, 46; Kronvall
et al., submitted for publication). IgG and IgA
binding seems to depend on separate surface
structures (7, 27, 29; Myhre et al., unpublished
data). Aggregated B:-microglobulin shows an af-
finity for group A, C, and G streptococci (29, 31).
Haptoglobin can bind to some strains of strep-
tococci (26). Albumin binding adds another type
of interaction to this growing list. Also other
bacteria possess different types of surface recep-
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tors for human protein structures. Staphylococci
can bind various immunoglobulins and fibrino-
gen (11, 19, 39). Complement component Clq
will bind to gram-negative bacteria (36), as will
aggregated IgG to lipopolysaccharide (12). Hu-
man leukocyte antigen-containing liposomes,
HLA antigens, are bound to many bacterial spe-
cies (25a). Several species are also mitogenic for
human B lymphocytes (3). The presence of these
quite specific animal-microbe interactions have
to be considered in studies of parasite-host in-
teractions. So far, they have been largely un-
mapped, and the number of microbe-animal in-
teractions detected might increase considerably
as this area becomes the subject of more exten-
sive studies. As far as streptococci are concerned,
their remarkable capacity to bind various serum
proteins might provide a mechanism for evading
recognition by the host through normal defense
mechanisms.
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